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This study aims to discuss the shared background between the theory of relativity in physics and

surrealism in art and to elucidate the scientific features presented in paintings from the twentieth

century. Regarding historical background, both physics and art were influenced by modernism which

denies absolute truth for many reasons: high interest in psychoanalysis, socio-economic inequity and

contempt of life. Art rejected perspectives about and concentrated on expression of given phenomena

(cubism and surrealism), and science reached the conclusion that time is inseparable from space

and that every motion or event is relative (theory of relativity). Many artists were interested in the

theory of relativity and tried to apply scientific theories in their paintings through direct and/or

indirect interactions with scientists. Paintings by surrealists and cubists showed the relativity of

simultaneity, time dilation, length contraction and curvature of space-time. The cases shown in this

study will be used to discuss pedagogical ways of teaching physics with art.
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�:r ���½̈��H 20[jl� �©�@/$í
s��:r_� òøÍÒqtõ� �í�&³z�́ÅÒ_� p�Õüt_� òøÍÒqt C��â
�̀¦ ¶ú�(R�Ð�¦, {©�r� p�Õüt ���¾¡§

�̀¦ �©�@/$í
s��:r_� �'a&h�\�"f ì�r$3��%i���. 20[jl�_� Óüto��<Æõ� p�Õüt�Ér �̧¿º Ì�o�'a&h� z�́�̂\� @/ô�Ç ÂÒ&ñ
�̀¦

ÅÒ�©����H �̧�8m�7£§_� ô=�<Æ&h� âì2£§ �\� Z�~#� e��%3�Ü¼ 9, &ñ
���ì�r$3��<Æ_� @/¿ºü< íß�\O� +À:"î
õ� ]j²DGÅÒ_�

\� _�ô�Ç ���r �â
]j&h� Ô�¦î̈
1px, ���çß� �èü@ 1px_� /BN:�x&h���� C��â
\� Z�~#� e��%3���. s�\� p�Õüt�Ér ��� "é¶��HZO�õ�

/BNçß�_� ]X�@/$í
�̀¦ ��ÂÒ��¦ s�\�¦ Dh�Ðî�r �'a&h�\�"f ì�r$3���¦ ³ð�&³��9��H {9��̂��ü< �í�&³z�́ÅÒ_��Ð ����

y�¤Ü¼ 9, Óüto��<Æ�Ér ]X�@/&h�s��¦ 1lqwn�&h���� r�çß�õ� /BNçß� �'a>�\�¦ �Å�#Q �©�@/&h�s��¦ \O�)� e����H r�/BNçß�_� >h

¥Æ��̀¦ ]jîß��%i���. ¢̧ô�Ç p�Õüt_� #��Q �o��[þt�Ér �©�@/$í
s��:r\� �'ad���̀¦ ��&��Ü¼ 9 f��·çß�]X�&h���� �§ÀÓü< &ñ

�Ð _þv1pq�̀¦ :�xK� s�\�¦ p�Õüt\�"f_� ³ð�&³Ü¼�Ð �è�o��¦�� �%i���. 20[jl� �o��[þts� Õª�2; p�Õüt���¾¡§�̀¦ :�x

K� 1lxr�$í
_� �©�@/$í
, r�çß� t����ò́õ�, U�́s� Ãº»¡¤ò́õ�, ×�æ§4�E$�Ý¼ ò́õ� 1px�̀¦ ¶ú�(R�̂¦ Ãº e����. s��Qô�Ç ��

YV\�¦ :�xK� õ��<Æ�§¹¢¤\�"f_� p�Õüt �Ö̧6 x ~½Óîß�\� @/K� �7H_�½+É �.���s	כ
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I. "e Â]Ø

õ��<Æ\�"f r�y��&h� ��«Ñü< p�Õüt�Ér B�Äº ×�æ¹כô�Ç %i�½+É�̀¦

ô�Ç��. @/ÂÒì�r_� �§õ�"fü< �Ð�¦"f, �7Hë�H, "f&h� 1px\�"f ¶ú�
�o,�����,ÕªaË>,³ð1pxr�y���o�)a��«Ñ\�¦��6 x��¦e����.s�
�Qô�Ç r�y��&h� ��«Ñ_� �Ö̧6 x�Ér Óüto��<Æs� ��ÀÒ��H q���r�&h�,
ÆÒ�©�&h� >h¥Æ��̀¦ �Ð#�º¡§Ü¼�Ð+� >h¥Æ� s�K�ü< �§Ãº �Ö̧1lx\�

�̧¹¡§s� |̈c ÷�rëß� ��m���, õ��<Æ��[þts� s��:r�̀¦ &ñ
�§�o� 9
��s�n�#Q\�¦ ³ð�&³���H ~½ÓZO�Ü¼�Ð+��̧ ×�æ¹כ�>� �Ö̧6 x�)a��

[1–5]. \V\�¦[þt��� �̧���\�"f_����ÀÓ_����6 x�̀¦[O�"î
�l�0A
K��'a�̀¦����âìØÔ��HÓüt_�ÕªaË>�̀¦�Ö̧6 x�l��̧ � 9,6£§�¾Ó
�<Æ\�"f���©�\����Ér1lq:£¤ô�ÇÁº](\�¦�Ð#�º¡§Ü¼�Ð+�Óüto��<Æ

_�p�&h���u�\�¦×¼�Q?/l��̧ô�Ç��. ¢̧ô�Ç�����_�s��:r�̀¦&ñ

�§�o�l� 0AK� Descartes��H Õª_� $�"f��� <principles>\�
"f ��;�̂_� î�r1lx�̀¦ [O�"î
�l� 0Aô�Ç Ãºéß�Ü¼�Ð �è6 x[�ts� �̧

+þA_� �̧d���̀¦ ]jr���¦ e����HX<, ��;�̂_� "é¶î�r1lx�̀¦ >�8£x�o
�)a �è6 x[�ts�ü<_� jËµ_� ½+Ë§4�õ� î̈
+þAÜ¼�Ð [O�"î
��¦�� �

%i��� [6]. Maxwell�Ér ���l�ü< ��l�_� :�x½+Ë�̀¦ Ãº�<Æ&h�Ü¼�Ð
s�=åJ#QÍÇx�̀¦ ÷�rëß� ��m��� s�\�¦ ò́õ�&h�Ü¼�Ð �Ð#�ÅÒ��H �̧

+þAÜ¼�Ð+� ����Ér ß¼l�_� "é¶+þA ��3'\� Ñüt�Q����� ¹¢¤y��+þA �̧

�ª�_� \�_�ØÔ �è6 x[�ts�\�¦ :�xK� f����� �̧���\� âìØÔ��H ���ÀÓ

\� _�K� ��l��©�s� +þA$í
÷&��H �¦̀�	כ �Ð#�ÅÒ�¦�� �%i��� [7].
s� ü@\��̧ Da Vinci\�¦ �í�<Êô�Ç #��Q ØÔW1�©�Û¼ r�@/_� �o
��[þt_�ÕªaË>�Ér����̂\�¦K�ÂÒ��¦&ñ
x9��>�¬¹���<ÊÜ¼�Ð+�

Õª ½̈�̧\�¦ ��������H X<\� l�#��%i��� [8,9].
p�Õüt %i�r� õ��<Æ_� f��·çß�]X�&h���� %ò
�¾Ó�̀¦ ~ÃÎ�¦ e����. �¦
@/\�"f ×�æ[j\�¦ ��5g ��H@/�Ð ����°ú�Ãº2�¤ �r�o��H 7á§ �8 y©�

§>=��¦ ���ª�ô�Ç Ò�oG�\�¦ �Ö̧6 x�>� ÷&��HX< s��Qô�Ç Ò�oG�_�

�Ö̧6 x_� C��â
\���H îß�«Ñ\�¦ ]j�̧½+É Ãº e����H �o�<Æ, ynC\� @/
ô�Ç s�K�\�¦ �̧î�r F�g�<Æ_� µ1Ï���õ��̧ x9�]X��>� ������÷&#Q e��

�� [10]. \V\�¦[þt���,áÔYUÛ¼�ï��%7��í��_�l�ZO��̀¦æ¼��HÕª
aË>\�"f ÅÒ�Ð æ¼��H Ï̧�Ò�oõ� �̧êøÍÒ�o_� îß�«Ñ��H y��y�� ±ú�õ� S!�

�̀¦ �í�<Êô�Ç��. s� Ñüt�̀¦ [O�>� ÷&��� ynC_� Ò�o�©�ëß� �¦�9ô�Ç��
��� �̧êøÍÒ�o_� "î
�̧�� Z�}��t�t�ëß� z�́]j�Ð��H �ÃÌô�Ç Ò�o¾ú�s�

��������HX< s���H y��y��_� îß�«Ñ 5Åq\� �í�<Ê�)a S!�õ� ±ú�s� ìøÍ

6£xK� ����ÉrÒ�o_� �©��FK��� S!��o±ú� (PbS)�� µ1ÏÒqt�l� M:ë�Hs�
��.s�\�¦K�����l�0AK�Ä»�o��1px�©�Ùþ¡Ü¼ 9,%i�Ò�o�̀¦:�xô�Ç
Dh�Ðî�r l�Õüt_� 1px�©�Ü¼�Ð ���ª�ô�Ç Ò�o�©�s� ëß�[þt#Qt��¦ ³ð

ï�r�o÷&%3��� [11]. ¢̧ô�Ç ØÔW1�©�Û¼ r�l�_� �o��[þt�Ér 
�Bj
�� �̀vÛ¼Ç©�����¦ ÂÒØÔ��H �©�q�\�¦ :�xK� ë�By���H �©��̀¦ �Ð�¦

���� Õªo����� ��Ö�¦�̀¦ :�xK� q�YV\�¦ SX�����<ÊÜ¼�Ð+� �Ð��

&ñ
SX�ô�Ç "é¶��H�̀¦ ¬¹��½+É Ãº e��%3��� [12]. �̧Zþt±ú�\���H õ��<Æ
l�Õüt�̀¦ \VÕüt_� #��Q ³ð�&³ Ãºéß�Ü¼�Ð f��]X� �Ö̧6 x�l��̧ �

��HX<, '��éß� F�g�<Æl�Õüt�̀¦ s�6 xô�Ç YUs�$� ��àÔ�� ���̧l�Õüt
�̀¦ �Ö̧6 xô�Ç ���̧Û¼H�{9� ��àÔ�� 1px�©���¦ e����. ¢̧ô�Ç X-���

1px�̀¦ :�xK� p�Õüt ���¾¡§_� Û¼H�u� 1px�̀¦ ·ú���?/��H q���õ� ���

���� îß�«Ñ\� �í�<Ê�)a ~½Ó��0px Óüt|9��̀¦ ì�r$3�K� %3�#Q?/��H 0A

���\� @/ô�Ç óøÍ&ñ
, ���¾¡§_� ���@/ 8£¤&ñ
 1px ���ª��>� �Ö̧6 x�)a
�� [12,13].
s�ü< °ú �Ér õ��<Æõ� p�Õüt_�  ñK�&h� �'a>�\� ���� �̧Zþt±ú�

õ��<Æ�§¹¢¤\�"f�̧ p�Õüt_� 
¹$íכ��9\� ÅÒ3lq��¦ e����. :£¤y�,
p�Õüts� ��t���H �½Ó_�&h�s��¦ f���'a&h���� ]X���H x9� y��$í
_� &ñ


_�&h� %ò
%i�s� õ��<Æ �<Æ_þv x9� �ÃÐ½̈\�"f l�#�½+É �¦����s	כ ���

]jô�Ç�� [14]. �̧Zþt±ú�_� õ��<Æ_� �:r$í
_� �'a&h�\�"f��H õ��<Æ
&h� µ1Ï|
�õ� \O�&h��̀¦ 0AK�"f��H éß�t� &ñ
x9�ô�Ç z�́+«>s��� 8£¤&ñ
,
�7Ho�&h� ÆÒ�:r 0px§4� ü@\��̧ �©��©�§4�õ� �½Ó_�§4��̀¦ .��¹ô�Çכ s�
�Qô�Ç 0px§4�[þt�Ér ÅÒ�Ð \VÕüt��[þt_� ���¾¡§ �Ö̧1lx\�"f�̧ y©��̧

÷&��H �Ü¼�Ð	כ \VÕüt&h� �Ö̧1lx�̀¦ :�xK� �©��©�§4�õ� �½Ó_�$í
�̀¦ l�

ØÔ 9, ���²DG\���H õ��<Æ&h� �ÃÐ½̈\��̧ �̧¹¡§s� �)a����H �.���s	כ
¢̧ô�Ç\VÕüt&h��½Ó_�$í
õ�õ��<Æ&h��½Ó_�$í
\���H#��Q/BN:�x&h�s�

e������H &h��̀¦ ×¼�Q?/l��̧ ô�Ç��. Weisberg��H DNA_� s�×�æ
����� ½̈�̧_� µ1Ï|
� õ�&ñ
õ� Picasso_� >�ØÔm�
�_� òøÍÒqt õ�
&ñ
\� @/K� q��§����"f õ��<Æ�Ér µ1Ï|
��̀¦, \VÕüt�Ér �½Ó�̧_� õ�
&ñ
%�!3� �Ðs�t�ëß� z�́]j µ1Ï|
�õ� �½Ó�̧_� �â
>��� �̧ ñ���

�¦ ÅÒ�©�ô�Ç��. DNA s�×�æ ����� ½̈�̧_� �½Óîß�s� Watsonõ�
Cricks� ����� ���Ér ��|ÃÐ\� _�K�"f�̧ ��0pxô�Ç éß�t� ���$�
“µ1Ï|
�”ô�Ç �¦����s�%3	כ ô�Ç�����, Picasso_� {9��̂&h� �oÛ�æ %i�
r� Cezanne_� %ò
�¾Ó�̀¦ ~ÃÎ�Ér �Ü¼�Ð	כ ���Ér ��|ÃÐ\� _�K� µ1Ï
|
�|̈c Ãº e�����¦ �̂¦ Ãº e���� [15]. ¢̧ô�Ç, s�×�æ ����� ½̈�̧\�
@/ô�Ç Òqty�� %i�r� ÅÒ#Q��� ��«Ñ\� @/ô�Ç K�$3��̀¦ :�xK� ������

��H �,Ü¼�Ð	כ p�Õüt %i�r� K�$3�_� ë�H]j\� �í&h�s� ú́�2X4R e��
��. >����� õ��<Æ&h� µ1Ï|
��̀¦ 0AK�"f��H �'aº��÷&��H #��Q l�Õüt
õ� t�d���̀¦ _þv1pqK��� ��0px�1pws�, p�Õüt_� �½Ó_�$í
 %i�r� ô�Ç
���\� s�ÀÒ#Qt���H ��s	כ ����� Ãº �̧� ¢̧��H Ãºz�� �̧�çß�_� ô ¥

º��õ� �<Æ_þv�̀¦ :�xK� ��������H ��s�l	כ M:ë�Hs���.
:£¤y� �̧Zþt±ú�\���H ���ª�ô�Ç ���r >ü̈½¹כ ë�H]j K�����̀¦ 0A

K�"f��H õ��<Æl�Õüt ü@\��̧ \VÕüt, ���ë�H�<Æ 1px ���ª�ô�Ç ì�r��
_� t�d���̀¦ :�x½+Ë��¦ K�$3�½+É Ãº e����H ���F��ª�$í
_� ×�æ¹$כí


s� y©��̧÷&�¦ e����. :£¤y� 2009 >h&ñ
 �§¹¢¤õ�&ñ
\�"f��H Ö6x½+Ë
���F��§¹¢¤�̀¦ ×�æ¹כô�Ç �§¹¢¤_� 3lq³ð ×�æ ����Ð ?/[jÄº�¦ e��

��HX< [16] s���H �§õ� ×�æd��_� ]X���H ~½Ód��\� ô�Ç>��� ×¼�Q��
l� M:ë�Hs���. “7£¤, �̧Zþt±ú� t�d��t�d��s� =åSe��\O�s� »¡¤&h�÷&
�¦ ��H�:r&h�Ü¼�Ð ����oô�Ç����H &h�õ�, �<Æ_þv��_� [j�©�\� @/ô�Ç
����̂&h� ���d��õ� ���0A&h� ?/6 x_� ì�r½+É çß�_� Ô�¦{9�u�$í
, Õªo�
�¦ �<ÆÒqt_� �ÃÐ#� ����9� x9� �èü@ µ1ÏÒqts�����H ë�H]j” M:ë�Hs�
�� [17]. éß�{9� �<Æë�Hs��� ���/BN ëß�Ü¼�Ð��H �̧Zþt±ú� Dh\�v>� µ1Ï
Òqt÷&��H ���ª�ô�Ç ë�H]j\�¦ K�������H X<\���H ô�Ç>��� e��Ü¼ 9,
�&³z�́���r_� z�́]j&h� ë�H]j\�¦ K�����l� 0Aô�Ç 6 ¤½̈ü< ���FG

�̀¦ëß�7á¤r�v�l�0AK�"f��HÖ6x4�¤½+Ë�§¹¢¤s��9����&h�s�����H&h�

s���. s�\� þj��H\���H Ö6x½+Ë���F��§¹¢¤ ?/\�"f õ��<Æ, l�Õüt,



552 New Physics: Sae Mulli, Vol. 64, No. 5, May 2014

/BN�<Æ, Ãº�<Æ ü@\��̧ \VÕüt�̀¦ �í�<Êr�&� \VÕüt&h� y��$í
õ� �½Ó_�
&h� [O�>�, z�́]j&h���� �©�S!�\�"f_� ë�H]j ���d���̀¦ y©��̧��¦ e��
�� [18]. :£¤y� p�Õüts��� l�Õüt, /BN�<Æ�§¹¢¤\�"f��H õ��<Æõ�_�
:�x½+Ë�̀¦ :�xK� ���ª�ô�Ç �Ö̧1lx�̀¦ >hµ1Ï��¦ e��Ü¼ 9, s�\�¦ :�xô�Ç
õ��<Æ&h� �è�ª� ü@\��̧ l�Õüts��� /BN�<Æ&h� �è�ª� �<Ê�ª�, p�Õüt\�
"f_�/BNy��y���Ö̧6 x�̀¦l�@/��¦e���� [14,19–21]. ö&õ��<Æ\�
l�ìøÍô�Ç p�Õüt�§¹¢¤s��� �èo�_� r�y���o\�¦ :�xô�Ç p�Õüt�̀¦ r�

�̧���H ��þts]	כ Õª \V�� �)a��.
õ��<Æõ� p�Õüt_� �'a>���H õ��<Æ_� �:r$í
_� 8£¤���\�"f�̧ ×�æ

¹כ�>� �¦�9|̈c ��¹כ��9 e����. õ��<Æõ� p�Õüt �̧¿º ���rë�H�o
ü< %ò
�¾Ó�̀¦ ÅÒ�¦ ~ÃÎ��HX< s���H õ��<Æ_� �:r$í
_� :£¤fç
 ×�æ �

�� (socio-cultural embeddedness) \� K�{©�ô�Ç�� [22]. õ�
�<Æ t�d�� x9� õ��<Æ&h� µ1Ï|
�\���H >h��� ¢̧��H ���r�� 5Åqô�Ç ��

u��'as��� ���¦ ~½Ód�� 1px\� %ò
�¾Ó�̀¦ ~ÃÎl��̧ ��¦ ÅÒl��̧ ô�Ç

��. p�Õüt�̧ ���_� ���r�� ��t���H ��u��� �ª�d��\� K�{©�ô�Ç
���¦ ���� õ��<Æõ� p�Õüt %i�r� %ò
�¾Ó�̀¦ ÅÒ�¦ ~ÃÎ��H���¦ �̂¦

Ãºe����.\V\�¦[þt���,���@/µ¢¤µ1Ï|
��̀¦:�xô�ÇÂÒ_��½ÓØ�¦,Õªo�
Û¼ �¦���\� @/ô�Ç F��̧"î
 1px�̀¦ :�xK� ØÔW1�©�Û¼_� r�l��� 1px

�©��%i��¦ s�\� �����Û¼XO�>� ��z�́ÅÒ_� �oÛ�æ_� p�Õüts� ��

��z�¤��. õ��<Æ %i�r� õ��<Æ��[þt\� @/ô�Ç )7á¤ ��ë�H_� t�"é¶õ�
���e�¦���:rÅÒ_�_�%ò
�¾Ó�̀¦~ÃÎ��q����&h����µ1Ï��� (õ��<Æ+À:"î
)
�̀¦ s�ÀÒ>� ÷&%3��� [23]. ¢̧ô�Ç ØÔW1�©�Û¼ r�l�_� õ��<Æl�Õüt
_� µ1Ï����Ér Dh�Ðî�r îß�«Ñ_� �Ö̧6 x, ���"é¶��HZO�_� >h���Ü¼�Ð s�
#Q&���¦ p�Õüt %i�r� ����̂_� &ñ
x9�ô�Ç ¬¹��\�¦ :�xô�Ç K�ÂÒ�<Æ_�

µ1Ï���\� l�#�½+É Ãº e��%3���. 7£¤, õ��<Æõ� p�Õüt_� �'a>�\�¦ :�x
K� õ��<Æ�§¹¢¤\�"f õ��<Æõ� ���r_� �'aº��$í
�̀¦ s�K�½+É Ãº e��

��. ������, #��Q p�Õüt\�"f_� ��YV\�¦ :�xK� �'aº��÷&��H õ�
�<Æ >h¥Æ��̀¦ �ÃÐ½̈��¦ s�K����H X<\��̧ �̧¹¡§s� �)a�� [24].
s�\� �:r ���½̈��H õ��<Æõ� p�Õüt_� �'a>�ü< C��â
�̀¦ :�xK�"f �ª�

���� ��t���H /BN:�x&h��̀¦ �̧"î
��¦, s�\�¦ ½̈�̂&h���� ���¾¡§�̀¦
:�xK�\Vr��<ÊÜ¼�Ð+�õ��<Æ�§¹¢¤\�"fp�Õüt�̀¦#Qb�G>��Ö̧6 x½+É

Ãº e����Ht� ]jr����H �¦̀�	כ 3lq&h�Ü¼�Ð ô�Ç��. ½̈�̂&h�Ü¼�Ð �&³
@/ Óüto��<Æ_� Ùþ�d��s��� ½+É Ãº e����H �©�@/$í
s��:rõ� �&³@/ p�

Õüt_� òøÍÒqt õ�&ñ
�̀¦ ¶ú�(R4�§Ü¼�Ð+� õ��<Æõ� p�Õüt_� �'aº��$í


\� @/K� �7H_�� 9, �©�@/$í
s��:r_� Òqty��s� �í�<Ê÷&#Q e����
�� �©�@/$í
s��:rÜ¼�Ð K�$3�|̈c Ãº e����H #��Q ���¾¡§[þt�̀¦ �è>h

��¦ s�\�¦ :�xK� õ��<Æ�§¹¢¤\�"f �©�@/$í
s��:rõ� °ú �Ér �&³@/

Óüto��<Æ_� �<Æ_þv\�"f p�Õüt�̀¦ #Qb�G>� �Ö̧6 x½+É Ãº e����Ht� ]j

îß���¦�� ô�Ç��.

II. 19-20:gM�8ý W
Ä��XìÄ 90ßOË

20[jl�\�{9�#Qèß��©�@/$í
s��:rõ�{9��̂ÅÒ_�,³ð�&³ÅÒ_�ü<
°ú �Ér Dh�Ðî�r p�Õüt ���̧_� 1px�©��̀¦ s�K��l� 0AK�"f��H ��H

@/s�Êê_�%i���&h�âì2£§�̀¦s�K�½+É�9¹כ���e����.×�æ[j_�7áx
ú́��̀¦ ·ú��2; >�3lxÅÒ_���H ���çß�_� �Ö̧1lx (�â
+«>õ� s�$í
)�̀¦ :�x
ô�Ç �>rF��:r&h�, ���d���:r&h� z�́F�\� @/ô�Ç µ1Ï|
�õ� �¾Ó�©��̀¦ ÆÒ½̈
�%i��¦ s���H 14∼16[jl� ë�H�o\VÕüt %ò
%i�\�"f_� ÂÒ<Éª î�r
1lx (ØÔW1�©�Û¼)ü< 16∼17[jl�_� õ��<Æ&h� µ1Ï|
�\� @/ô�Ç q����
&h� 7£x�� (õ��<Æ+À:"î
)Ü¼�Ð s�#Q&����. :£¤y�, Comte�� ÅÒ�©�
ô�Ç z�́7£xÅÒ_���H s������t� ×�æ¹כ�>� �¦�9K� �:r ����<Æ&h� ��

�¦ü< +þAs��©��<Æ&h� ���¦�Ð�� ���7£x ��0px� 9 �'a¹1Ï ��0pxô�Ç

�¦̀�	כ ��ÀÒ��H õ��<Æ&h� ���¦\�¦ Äº0A\� ńuÜ¼�Ð+� õ��<Æ\� @/

ô�Ç t�t�\�¦ ��z�t� ·ú§��¤�� [25]. ������ 18[jl� s�Êê ����
èß� íß�\O�+À:"î
Ü¼�Ð @/|¾Ó Òqtíß�s� ��0pxK�t����"f �§:�xõ� :�x

���_� µ1Ï²ú�, �̧r�_� +þA$í
, ���ª�ô�Ç Òqt�Ö̧ �9�Ãº¾¡§_� �Ð/åL�̀¦
��4RM®o��. p�Õüt\�"f�̧ F��&³�̀¦ 3lq&h�Ü¼�Ð ���H ��z�́ÅÒ_�
�� 18[jl���t� t�5Åq÷&%3�Ü¼ 9, &ñ
x9�ô�Ç ¬¹��\�¦ 0AK� 
�Bj
�� �̀vÛ¼Ç©��\�¦ �Ö̧6 x�l��̧ �%i���. 19[jl�_� Êêl� ����©�
ÅÒ_� �o��[þt�Ér ynC_� ×�æ¹$כí
�̀¦ ���d����¦ ynC\� _�ô�Ç ���ª�

ô�Ç��Óüt_�¬¹��\�|9�×�æ�%i���.:£¤y�,íß�\O�+À:"î
�̀¦:�xô�ÇDh
�Ðî�r %i�«Ñ_� >hµ1Ï�Ér ³ðï�r Ò�o�©�³ð_� 1px�©��̀¦ ��4R�̧>� ÷&

%3��� [10]. s�\�¦ :�xK� �Ð�� ���ª�ô�Ç Ò�oG�\�¦ ³ð�&³½+É Ãº e��
>� ÷&%3���.
Õª�Q��íß�\O�+À:"î
õ�õ��<Æl�Õüt_�µ1Ï²ú��Ð���ô�Ç �̀K�����

�������"fDh�Ðî�r¹¡§f��e��s�������l�r�����%i���./BN�©��̀¦
:�xô�Ç Òqtíß�_� ��5Åq�o��H Ãºú́§�Ér ��|ÃÐ[þts� {9���o�\�¦ ¹1Ô��

�̧r��Ð �̧#�[þt>� Ùþ¡�¦, s��Ð ���K� �̧r�\�"f_� ���½̈ x9�|9�
õ� 8̈��â
 ë�H]j, ���ÂÒ ���	� ë�H]j 1px�̀¦ ±ú¢>� ÷&%3���. ¢̧ô�Ç
y©�@/²DG\� _�ô�Ç gË>|ÄÌ�̀¦ 6�x ñ���H ]j²DGÅÒ_�\� @/K� q�óøÍ

&h�r�y���̀¦��t�>�÷&%3�Ü¼ 9,[j>�@/���µ1Ïµ1Ï�Ð���ô�Ç@/|¾Ó
�<Æ¶ú�, Òqt"î
 �â
r�_� ë�H]j�� t�&h�÷&���"f ]X�@/&h�s��¦ �Ð¼#�
&h� |9�"f\� @/K� ��ÂÒ���H ¹¡§f��e��[þts� ������l� r�����

%i���. s��Qô�Ç ¹¡§f��e���Ér �Ð¼#�&h�s� ]X�@/&h���� ���o�ü< |9�"f
\�¦ ÂÒ&ñ
���H âì2£§Ü¼�Ð s�#Q&��Ü¼ 9, ���çß��̀¦ %3�·ú���¦ ¶ú©
�̀¦ ���&ñ
���H ���r ½̈�̧\� �'ad���̀¦ ��t���H �̧�8m�7£§Ü¼�Ð

s�#Q&���� [26].
>�3lxÅÒ_�\�"f �̧�8m�7£§Ü¼�Ð_� 	�H ���8̈� îß�\���H Óüto�

�<Æõ� p�Õüt %i�r� �í�<Ê÷&#Q e����. Óüto��<Æ_� �â
Äº, New-
ton s�A� ÃºÑþ� �̧� 1lxîß� /BN�§ô�Ç t�0A\�¦ t�&� �:r �¦���%i�
�<Æ�Ér Poincare���©�@/$í
s��:r_�"é¶o�\�¦ÅÒ�½Ó��¦, Mach,
Lorentz 1pxs� l��>r_� /BNçß�\� @/ô�Ç F�>h¥Æ��o\�¦ r��̧����
"f ]X�@/&h�s��¦ 1lqwn�&h���� r�çß�õ� /BNçß�_� �̂>��� Áº�-t�

�¦, r�çß�õ� /BNçß�_� \O�jËµ �©�I�\�¦ ]jîß����H �©�@/$í
s��:rÜ¼
�Ð @/�̂÷&%3���. {9�ìøÍ �©�@/$í
s��:r_� µ1Ï³ð��H s������t� 1lq
wn�&h�Ü¼�Ð #����̧~�� Óüto�|¾Ó��� |9�|¾Ó, \��-t�, r�çß�, /BNçß�
�̀¦ :�x½+Ë&h�Ü¼�Ð s�K��>� ÷&%3��� [27]. p�Õüt\�"f��H ���"é¶
��HZO�\� @/K� ]X�@/&h�Ü¼�Ð ���ø@��¦ s�\�¦ Ãº'����9~�� ��

z�́ÅÒ_� (realism)_� �oÛ�æs� 18[jl� ]X�&ñ
\� s��Ér +', ynC\�
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@/ô�Ç y��y��&h� ���d��\� �í&h��̀¦ é�H ����©�ÅÒ_� �o��[þts� ����

�����"f &h�	� �èY>�÷&%3���. ynC_� y���̧ü< r�çß�\� ���� ��ØÔ
>� ��������H Óüt�̂\�¦ ¬¹������� /BNçß��̀¦ f�����s� ����� /BG

��� ¢̧��H Ò�oÜ¼�Ð ³ð�&³�l� r��������"f z�́F�_� ³ð�&³\� @/

ô�Ç ]X�@/$í
s� �@Ò�o÷&%3��� [28]. ��Óüts��� �&³�©��̀¦ F��&³�
��HX<\��í&h��̀¦¿º%3�~��s����r�@/_�p�Õütõ�²ú�o�,y��y��÷&
��H �̧_þv\� @/ô�Ç ³ð�&³\� �Ð�� �í&h��̀¦ ¿º��H ³ð�&³ÅÒ_� p�Õüt

�Ð @/�̂÷&%3���. s��Qô�Ç ����o��H ]X�@/&h� ��u�\� @/ô�Ç $��½Ó
õ� ���çß�_� ³ð�&³\� @/ô�Ç �'ad��s� s�#Qt����"f ����èß� �¼Ü	כ

�Ð:£¤y� Freud_�&ñ
���ì�r$3��<Æ�Ér���çß�_�Áº_�d��\�@/ô�ÇDh
�Ðî�r r�y���̀¦ Ô�¦�Q{9�Ü¼(����. p�Õüt\�"f��H l��>r_� ��2£§��
¹¡§, ³ð�&³\� @/ô�Ç $��½ÓÜ¼�Ð ìøÍp�Õüt (����s�7£§)s� ����z�¤
Ü¼ 9, l��>rõ� ²ú�o� l���<Æ&h���� {9��̂�Ð �̧��H ��Óütõ� /BNçß�
�̀¦ ì�rK����H {9��̂ÅÒ_�ü< ���çß�_� Áº_�d���̀¦ y©��̧���H �í

�&³z�́ÅÒ_���1px�©��>�÷&%3���.{9��̂ÅÒ_� (cubism)��H{9��̂
\�¦ _�p����H cube\�"fÂÒ'� �:r 6 x#Q�Ð+� �����>�_� @/�©�
õ� /BNçß��̀¦ {9��̂�Ð ³ð�&³��¦�� ô�Ç �¦̀�	כ ú́�ô�Ç�� [28]. s�
�Qô�Ç ¹¡§f��e��\� ·ú¡�©�$3�~�� ��|ÃÐs� Picassoü< Braques���.
�í�&³z�́ÅÒ_���H q�î̈
�� Apollinaire\� _�K� ·¡#���� ú́��Ð+�
s�$í
_� t�C�\�¦ ~ÃÎt� ·ú§�¦ Áº_�d�� ¢̧��H �©��©�, ÀDK_� [j>�
_� ³ð�&³�̀¦ t��¾Ó���H p�Õüt�̀¦ ú́�ô�Ç�� [29].
1lxr�@/\�����èß�Óüto��<Æõ�p�Õüt_�Dh�Ðî�r���̧[þt�Ér#�

�Q /BN:�x&h��̀¦ ��t��¦ e����HX<, ]X�@/&h� ��u�\� @/ô�Ç ÂÒ&ñ
s�
Õª @/³ð&h���� \Vs���. õ��<Æ\�"f��H ]X�@/ l�ï�r>��� ÂÒ&ñ
÷&
�¦ 1lxr�$í
_� �©�@/$í
s� y©��̧÷&���"f ]X�@/&h� 8£¤&ñ
s� Ô�¦��

0px�<Ê�̀¦ _�p�ô�Ç��. p�Õüt\�"f��H ]X�@/&h���� p�\� @/K� ÂÒ&ñ

� 9 s��©��o�)a z�́F�_� F��&³s� 3lq&h�s� �����, \VÕüt��_� y��
y��õ� ³ð�&³s� 3lq&h�Ü¼�Ð @/¿º÷&%3���. "f�Ð ���Ér �<Æë�H ì�r��
\�"f Ä»��ô�Ç ¹¡§f��e��s� 1lxr�\� {9�#Qèß� ��Ér	כ éß�t� Äº���_�

{9�u��Ðëß� �Ðl� jËµ[þt��.
Óüto��<Æõ�p�Õüt\�"f_�Ä»��ô�Ç�'a&h�\�@/ô�Ç/BNÄ»��H�èÃº

s�l���H �t�ëß� Óüto��<Æõ� p�Õüt_� f��·çß�]X�&h���� �§ÀÓ\�¦ :�x
K� s�ÀÒ#Q&��6£§�̀¦ ·ú� Ãº e����. ë�H�<Æ����� Valery��H 20[jl�
{©�r�_� Óüto��<Æ��[þt��� Curie, Bohr, de Broglie 1pxõ� �2;ì�r
s�U�·%3�Ü¼ 9Õª[þt_����½̈z�́�̀¦�ÃÐ�'a� 9�r_�\��ÃÐ$3��#�

��s�n�#Q\�¦�§8̈��l��̧�%i��� [30]. Breton�ÉrÕª_�Û¼5px
��� Valery_� %ò
�¾ÓÜ¼�Ð �©�@/$í
s��:rõ� Eddington_� ��áÔ
o�
�{9�d���'a8£¤��|	�1px�̀¦]X�� 9s�\�¦l�ìøÍÜ¼�Ðë�H�<Æ���

¾¡§õ� ú̧�t�\� l��¦�%i���. Õª��H :£¤y� �í�&³z�́ÅÒ_� ���¾¡§_�
p�Õüt&h�:£¤fç
×�æ������ �̧�Ð��w�7£§ (automatism)�̀¦³ð�&³
��¦���%i�Ü¼ 9Maxwell_�%ò
�¾Ó�̀¦~ÃÎ��<The magnetic
field>����H Õþ��̀¦ Ø�¦çß��l��̧ �%i��� [30,31]. Õªü< Õª_�
Û¼5px��� ��H Õþ��Ér \VÕüt>�\� �è>h÷&%3�Ü¼ 9, #��Q \VÕüt��[þt
s�s��Qô�ÇÒqty��[þt�̀¦]X�½+ÉÃºe��%3���.\V\�¦[þt��� Picassoü<
�<Êa� ô�Ç #��Q �����[þt�Ér q�Ä»9þto�×¼ l���<Æ, 4	�"é¶, r�çß�

#�'��\�@/K��7H_��l��̧�%i�Ü¼ 9 Einstein_� 4	�"é¶/BNçß�
>h¥Æ��Ér Õª_� �2;½̈\�¦ :�xK� �è>h÷&%3��� [32]. ¢̧ô�Ç Dali��H
20[jl� ×�æìøÍ Ùþ�Óüto��<Æ_� µ1Ï���Ü¼�Ð ���ô�Ç "é¶��;�¤òøÍ_� µ1Ï
"î
\� �̧w�ÚÔ\�¦%3�#QÕª_�ÕªaË>\�"f�ª���%i��<Æ\�"f_� 8̈�"é¶

&h�s��¦ì�r$3�&h����5Åq$í
[þt�Ð@/�©�Óüt�̀¦K��̂���H³ð�&³�̀¦ �̧

{9��%i��� [33]. ¢̧ô�Ç Kandinsky��H X-ray,~½Ó��0px,|9�|¾Ó-\�
�-t� 1px��\� @/K� U�·�Ér �'ad���̀¦ ��&��Ü¼ 9 Magritte_� y��
y�� /BNçß�_� �D¥êøÍÛ¼�Q¹¡§�Ér Einstein_� /BNçß� >h¥Æ�Ü¼�Ð�̧ K�
$3�÷&l��̧ ô�Ç�� [34]. {©�@/ Ä»"î
Ùþ¡~�� �©�@/$í
s��:r\� @/ô�Ç
&ñ
�Ð��H���ª�ô�Ç�â
�Ð\�¦:�xK�]X�½+ÉÃºe��%3�Ü¼ 9,Õª[þt_����
¾¡§\� @/ô�Ç 1lxl��� �©�@/$í
s��:r\�"f Ø�¦µ1Ïô�Ç ��Ér	כ ��m�%3�

#Q�̧ Ø�æì�ry� �ÃÐ�̧½+É Ãº e��%3�6£§�̀¦ ·ú� Ãº e���� [30,35–38].

í$/@�©�/@�	�¹כs��:rõ��í�&³z�́ÅÒ_���HÌ�o�'a&h�z�́�̂\� @/ô�Ç

$��½Ó î�r1lxs�����H /BN:�x&h��̀¦ ��t� 9, s���H r�@/_� ô=�<Æ&h�
���8̈�\�"f Ø�¦µ1Ïô�Ç �Ü¼�Ð	כ Òqty��K� �̂¦ Ãº e����. ¢̧ô�Ç Óüto�
�<Æõ� p�Õüt\�"f_� f��·çß�]X�&h���� �§ÀÓ��H s�ü< °ú �Ér ¹¡§f��e��
\� 8ú¤B� %i�½+É�̀¦ ô�Ç �Ü¼�Ð	כ �̂¦ Ãº e����. õ��<Æõ� p�Õüt_� �'a
>�\� @/ô�Ç ����'a$í
�Ér #����y� ½+Ë_�÷&t� ·ú§��H ÂÒì�rs� e��Ü¼

�� {9�ÂÒ �o��[þt_� �â
Äº, õ��<Æ\� @/ô�Ç �'ad���̀¦ :�xK� Õª[þt
_� p�Õüt\�"f_� ��s�n�#Q\�¦ µ1Ï���r�(���� [39]. &h�#Q�̧ õ�
�<Æõ� p�Õüts� °ú �Ér r�@/&h� C��â
\�"f "f�Ð ���Ér ~½Ó�¾ÓÜ¼�Ð

��êøÍ ×�¦l�ü< °ú s� ����z�¤6£§�̀¦ ÆÒ�:r½+É Ãº e����.

III. 20:gM� >H×D;c"e ������ÀW¥ Vês6�VRËT�Â]Ø8ý
T�A0

�¦���%i��<Æõ��©�@/$í
s��:r_�	�s�&h�×�æ�����H1lxr�$í
_�

�©�@/$í
s���. #Q�"� ¿º ��|	�s� ���_� l�ï�r>�\�"f 1lxr�\�
{9�#Qz�¤���¦��8���̧ ���Érl�ï�r>�\�"f1lxr�\�{9�#Q��t�

·ú§�Ér ��3!�%	כ �Ð{9� Ãº e��Ü¼ 9, Ñüt ×�æ #QÖ¼ ô�Ç l�ï�r>�_� �'a
¹1Ï��ëß� �̀����¦ ú́�½+É Ãº \O���. ���²DG ¿º l�ï�r>�_� �'a¹1Ïs�
�̧¿º �̀��Ér ��3!�%	כ q�2[l� M:ë�H\� �©�@/$í
s��:r\� @/ô�Ç ��

�ª�ô�Ç %i�[O�s� �>rF��>� �)a��. s���H ��u� ���_� /BNçß�\�"f
{9�#Qèß� ��|	�s� �'a¹1Ï��_� î�r1lx �©�I�\� ���� ��ØÔ>� �Ðe��

Ü¼�Ð+� #��Q >h_� "f�Ð ���Ér ���z�́s� /BN�>r���H ��3!�%	כ �Ð

s�>� �)a��. s�\�¦ ÕªaË>Ü¼�Ð ú̧� �Ð#�ÅÒ��H ��s	כ Cezanne���
�	כ °ú ��. Cezanne��H �����_� &ñ
Óüt�o\�"f ���_� �'a&h�s�
����� #��Q >h_� �í&h��̀¦ ���_� �±p!QÛ¼\� ³ð�&³��9�¦ �

%i��� (Fig. 1 �ÃÐ�̧) [35,40]. "f�Ð ���Ér r�&h��̀¦ ����� �'a¹1Ï
��_� �̧_þv[þt�̀¦ ���_� �o;�¤\� {��Ü¼���"f ��Óüt\� @/ô�Ç ³ð

�&³�̀¦ #QÖ¼ ���_� �¦&ñ
&h� �'a&h�s� ����� #��Q �'a&h�_� �'a¹1Ï

��\� _�ô�Ç ���ª�ô�Ç �̧_þv�̀¦ {���Ér ����s	כ ½+É Ãº e����. :£¤y�
Cezanneü<°ú �Ér 19[jl�_� ����©�ÅÒ_��o��[þt�Ér/BNçß�õ� î�r
1lx\� @/ô�Ç ]X�@/&h���� K�$3��̀¦ ÂÒ&ñ
���H ~½Ó�¾ÓÜ¼�Ð ����y�¤
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Fig. 1. (Color online) <Still life with fruit basket
(1888)> by Cezanne and its interpretation by Loran
(1963).

��HX< 0A�� ��A�_� �¦&ñ
&h���� Óüt�̂_� C�u�\� @/K� _�d���

�¦, l��í&h���� {9��̂�� l���<Æ&h� �̧�ª�Ü¼�Ð ����?/l� r����

�%i���.

s��Qô�Ç ¹¡§f��e���Ér 20[jl� ×�æ¹כô�Ç p�Õüt�̀¦ {��{©�ô�Ç Pi-

cassoü< Braque�Ð s�#Q&����. Õª[þt�Ér ���_� {9��̂�� ��

t���H #��Q /BNçß�&h� 8£¤����̀¦ ����Ð ¬¹����¦ e����. <��q�

0mx_� %��.[þt (1907)>, <��s��̀¦�2;õ� ÅÒ����� (1910)>\�¦

�Ð��� ���_� x����̂�� ��t���H #��Q 8£¤���_� �̧_þv�̀¦ �D¥½+Ë

K� �Ð#�ÅÒ�¦ e����. s���H /BNçß��̀¦ éß�í�Hô�Ç +þAI�_� {9�~½Ó�̂�Ð

8̈�"é¶K� ³ð�&³½+É Ãº e�����¦ ���H ���¥Æ�\�"f Ø�¦µ1Ïô�Ç �,s� 9	כ

ÅÒ#Q�����|	�\�@/K�#��Q����̀¦ô�Ç�o���\������·p�.���s	כ

s���H ���5Åq&h�s��¦ Ô�¦���ô�Ç /BNçß�\� @/ô�Ç ��ÂÒü< �<Êa� Óüt�̂

\� @/ô�Ç ³ð�&³s� �'a&h�\� ���� ²ú���|9� Ãº e��6£§�̀¦ �Ð#�ÅÒ�¦

e����. s���H p�Õüt\�"f_� 1lxr�$í
�̀¦ _�p����H �Ü¼�Ð	כ Óüto�

�<Æõ� ²ú�o� "f�Ð ���Ér ¿º >h s��©�_� +þA�©��̀¦ �̧�or�&� ô�Ç

�o���\� ³ð�&³���H �¦̀�	כ ú́�ô�Ç�� [28,41]. s��Qô�Ç ³ð�&³�Ér K�

$3� "é¶��HZO� (analytical perspective)���¦ ÂÒØÔ��H �,Ü¼�Ð	כ

Fig. 2. (Color online) <The girls of Avignon (1907)> by
Picasso and <Violin and Pitcher (1910)> by Braque.

î̈
���_� �o���\� {9��̂�� x����̂_� ���©� ú́§�Ér ���s� ×¼�Q��

�Ðs��̧2�¤���H�¦̀�	כ ú́�ô�Ç��.&ñ
t�ô�Ç�'a¹1Ï��_��â
Äº,�����
_� \P�\� e����H ��Óüt�̀¦ �����Ð��� ô�Ç ���ëß��̀¦ �����Ð>� ÷&t�

ëß� ynC_� 5Åq�̧ëß��pus��� Ø�æì�ry� ���Ér �'a¹1Ï��\�>���H ��Óüt

_� \P�����̧ �̂¦ Ãº e��>� �)a�� (Fig. 5 �ÃÐ�̧). ��ðøÍ��t��Ð &ñ

t�ô�Ç �'a¹1Ï��\�>� �'a8£¤÷&��H Z>�ynC_� y���̧�� ¹¡§f��s���H �'a

¹1Ï���� 8£¤&ñ
ô�Ç Z>�ynC_� y���̧ü< 	�s��� µ1ÏÒqtô�Ç��. "f�Ð ��
�Ér î�r1lx �©�I�ü< è�HZ�}s�\�¦ ����� �'a¹1Ï��[þts� �����s� �:r �

��_� ��Óüt�̀¦ �̧¿º ���_� �±p!QÛ¼\� ³ð�&³�>� |̈c M:, ��
u� +'ü< ·ú¡, \P�s� +'%í
&� e����H Fig. 2_� ��q�0mx_� %��.ü<
°ú �Ér �̧_þvs� |̈c �.���s	כ
1lxr�$í
_� �©�@/$í
_� ë�H]j\�¦ ��ÀÒ��H �â
Äº, 7áx7áx 1px�©��
��H \Vr���H "f�Ð b��#Q��� F�g"é¶\� _�K� ynCs� ~½Ó��|̈c M: &ñ


t�ô�Ç �'a¹1Ï��ü< ¹¡§f��s���H �'a¹1Ï����H y��y�� #Q�"� F�g"é¶_� ynC

�̀¦ ���$� �Ð>� |̈c ������	כ ���H ë�H]j�� e����. "f�Ð ���Ér ¿º
��|	�\� @/K� �ÐE$�ÞÔ ���8̈��̀¦ s�6 xô�Ç Ãº�<Æ&h� ]X���H�̧ ��0px

�t�ëß� z�́]j ��������H �&³�©��̀¦ ÕªaË>Ü¼�Ð ³ð�&³�����, s�
p� ]jr��)a ÕªaË>�̀¦ ���½ÓÜ¼�Ð ��|	�_� ���õ�\�¦ K�$3����H l�

�r\�¦ ���������� �<ÆÒqt[þts� �Ð�� {9��©�Òqt�Ö̧\� �2;ņq�>� �©�

@/$í
s��:r�̀¦ s�K�½+É Ãº e���¦, ¢̧ô�Ç ÕªaË>�̀¦ :�xK� 1lxr�$í
_�
�©�@/$í
�̀¦ �ÃÐ½̈K� �Ð��H l��r\�¦ ��|9� Ãº e���̀¦ �.���s	כ
�í�&³z�́ÅÒ_� �o����� Daliü< Magritte��H ��u� �ÃÌr� ò́
õ�\�¦ ��t���H 1pwô�Ç ÕªaË>�̀¦ :�xK� 1lxr�$í
_� �̧_þv�̀¦ �Ð

#�ÅÒ�¦ e����. Fig. 3\� ��������H Dali_� <ÈÒ"î
 ���çß�

(1929∼32)>�̀¦ ¶ú�(R�Ð��� �o��� ��A�\���H #�$í
_� +þA�©��̀¦
���H ��|ÃÐ_� ¹¡§f��s���H ��¥&h�s� �Ðs� 9 �©�éß�\���H �����Óüt

õ� f�̈��K� �Ðs���H ô�Ç z������ �Ð�����. "f�Ð ���Ér +þA�©��̀¦
ô�Ç ��Óüt�̀¦ Õª�9ÍÇrõ� 1lxr�\� �̧ÚÔ]j_� �â
>�\�¦ �̧ ñ�>�

�<ÊÜ¼�Ð+� �í�&³z�́&h���� �̧_þv�̀¦ �Ð#�ÅÒ�¦ e����. ¢̧ô�Ç ��A�
�o���\�_� #�$í
�Ér ��u� 
�Bj��\�"f 39'�\�¦ \P��¦ n���Ér ��

���%�!3�Õª��¥&h�s��������¦e����HX<,/BNçß�÷�rëß���m���"f
�Ð ���Ér r�çß�\� ���Ér �̧_þv�̀¦ ³ð�&³��¦�� ô�Ç �Ü¼�Ð	כ r�/BN
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Fig. 3. (Color online) <The invisible man (1929∼32)>
by Dali and <Carte Blanche (1965)> by Magritte.

Fig. 4. (Color online) <The persistence of memory
(1931)> by Dali and <Time transfixed (1938)> by
Magritte.

çß�_� \O�jËµõ� Minkowski_� r�/BNçß� �̧³ð�Ð s�K�½+É Ãº e��
��. Õªo��¦ Magritte_� <Ñþ�t� 0Ae���©� (1965)>\�"f�̧ Ä»
��ô�Ç �̧_þvs� ����èß���.
������ :£¤Ãº �©�@/$í
s��:rs� f��]X� ����©�÷&��H ÕªaË>[þt %i�

r� �>rF�ô�Ç��. Dali_� <l�%3�_� t�5Åq (1931)>�̀¦ ¶ú�(R�Ð���
S!�Áºt� °ú �Ér /BNçß� îß�\� Zþt#Q��� r�>�\�¦ �̂¦ Ãº e����. s���H
r�çß�õ� /BNçß��̀¦ ���_� �±p!QÛ¼\� #î
u� (juxtaposition)�
 9,Zþt#Q���r�çß��̀¦/BNçß�îß�\�³ð�&³�<ÊÜ¼�Ð+�r�çß�t���� ò́
õ�\�¦ ����©��>� ô�Ç�� [30,35]. ¢̧ô�Ç Magritte_� <�¦&ñ
�)a

r�çß� (1938)>�Ér ��u� ¹¡§f��s���H l�	��� #4�èß��Ð�ÐÂÒ'� 4A
#Q���̧�¦ e����H ��3!�%	כ �Ðs���HX< s�\�¦ +Ñ@çß�-����o� %i�[O�
õ� ����'at��̀¦ Ãº e����. &ñ
t�ô�Ç �'a¹1Ï�� (l�ï�r>�)_� {9��©�\�
"f 20 m_� ����o�ü< 10 m_� +Ñ@çß�s� e�����¦ ½+É M:, ����
o��� 0.9 c_� {9�&ñ
ô�Ç 5Åq�̧�Ð f�����Ü¼�Ð +Ñ@çß��̀¦ :�xõ�ô�Ç��
�¦½+ÉM:, γ = 1√

1−v2/c2
; 2.29���)a��.:£¤Ãº�©�@/$í
s��:r

\� ��ØÔ��� U�́s�Ãº»¡¤s� {9�#Q��Ù¼�Ð &ñ
t�ô�Ç +Ñ@çß�_� {9��©�

\�"f ����o�_� U�́s���H L = L0
γ = 20

2.29 ; 8.73 (m)s���.
����"f +Ñ@çß��Ð�� Âúª��4R +Ñ@çß� îß�\� ¢-a���y� [þt#Q��>� �)a

��. Õª�Q�� ¹¡§f��s���H ����o�_� {9��©�\�"f �Ð��� +Ñ@çß�s� ��

Fig. 5. (Color online) Three dice watched at rest (a)
and at moving 90% of velocity (b) from right to left, and
captured light coming with θ (c).

��o�\�¦ �¾ÓK� 0.9 c_� 5Åq�̧�Ð ���'����¦ e��Ü¼Ù¼�Ð +Ñ@çß�_�
U�́s� Ãº»¡¤s� {9�#Qèß��� (L = 4.37 (m)). ����"f ����o���H
+Ñ@çß��Ð�� U�́#Q4R 4A#Q��ü< �Ðs�>� �)a��.
s� ü@\��̧ {9�ìøÍ �©�@/$í
s��:r_� ×�æ§4�E$�Ý¼ ò́õ�ü< :£¤Ãº

�©�@/$í
s��:r\�"f_� r�y���o %i�r� ¿º �o��_� ���Ér ���¾¡§ 5Åq

\�"f µ1Ï|
�½+É Ãº e����. Magritte_� <��Ö�¦/BN�©� (1939)>s�
����H ���¾¡§�̀¦ �Ð��� ź»:�xÃº\� \O�ÏãJs� ���5g �Ðs���H ô�Ç ���

��\�¦ Õªo��¦ e����. s���H �©�@/$í
s��:r_� �'a&h�\�"f ¹¡§f��s�
��H �'a¹1Ï��\�>� &ñ
t�ô�Ç ��|ÃÐ_� �̧_þvs� #Qb�G>� ����±ú�t�

Òqty��K� �̂¦ Ãº e����. &ñ
t�ô�Ç [j >h_� ÅÒ��0A�� ��êøÍy� Z�~
#�e�����¦��&ñ
���.&ñ
t�ô�Ç�'a¹1Ï����ÅÒ��0A\�¦ �̂¦�â
Äº,
Fig. 5(a)ü< °ú �Ér �̧_þv�̀¦ �Ð>� �)a��. Õª���X< ��êøÍô�Ç ÅÒ��
0A\�¦ 0.9 c_� 5Åq�̧�Ð 1px5Åq î�r1lx �'a¹1Ï��\�>���H &ñ
t�½+É M:
�̂¦ Ãº \O�~�� ÅÒ��0A_� \P�����̀¦ �Ð>� ÷& 9, ÅÒ��0A ��s�_�
çß�����̧ �8 Âúª�� �Ð{9� �.���s	כ �=������ ynC_� 5Åq�̧��H �½Ó
�©� c�Ð{9�&ñ
�t�ëß�#��Qy���̧\�"fìøÍ��÷&��HynC�̀¦�'a¹1Ï��
_� s�1lx~½Ó�¾ÓÜ¼�Ð &ñ
��%ò
 (projection)���� 0.9 c�Ð�� Ö¼
wn=Ãºe����.\V\�¦[þt����'a¹1Ï��_����'��~½Ó�¾Óõ� θ_�y���̧�Ð

{9������H ynC_� �â
Äº, �'a¹1Ï��_� î�r1lx ~½Ó�¾ÓÜ¼�Ð_� ynC_� 5Åq
�̧��H csinθs�Ù¼�Ð �'a¹1Ï���� Ø�æì�ry� ��ØÔ��� \P����s� �����

ź»���\�"f ìøÍ���)a ynC�̀¦ �Ð>� �)a�� (Fig. 5(c) �ÃÐ�̧). 7£¤, #Q
�"� :£¤&ñ
ô�Ç Óüt�̂\�¦ t�����H í�Hçß� î�r1lx���H �'a¹1Ï����H ���Ð

\P�\� e����H ��Óüt�ÐÂÒ'� ìøÍ���)a ynC�̀¦ �Ð��H ��s	כ ����� s�p�

t���çß� ��Óüt_� ìøÍ���)a ynC ¢̧��H ·ú¡Ü¼�Ð ��ÅÒ�>� |̈c ��Óüt
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Fig. 6. (Color online) Snapshot while at rest (a) and
snapshot while moving down the road at 95% of the
speed of light (b) [42].

�ÐÂÒ'� ìøÍ���)a ynC�̀¦ �Ð>� �)a��. ����"f \P�Ü¼�Ð [�t�� ���
��|ÃÐ�̀¦ B�Äº ���Ér 5Åq�̧�Ð t����2;����� ��|ÃÐ_� +'ü< \P��̀¦

�̧¿º �̂¦ Ãº e���̀¦ �.���s	כ
s��Qô�Ç �r������H 1pwô�Ç �=/BG (aberration) ü@\��̧ 6f#Q
t����� ��o��� Âúª��t���H �¦̀�	כ \V8£¤½+É Ãº e����. ¹¡§f��s���H
�'a¹1Ï��_�{9��©�\�"f�Ð���ÅÒ��0A��ìøÍ@/~½Ó�¾ÓÜ¼�Ð 0.9 c_�
5Åq§4�Ü¼�Ð ��������H ��3!�%	כ �Ðs�Ù¼�Ð U�́s� Ãº»¡¤s� {9�#Q

�� L = L0/γ = 0.44L0 (γ ' 2.3)s�÷&Ù¼�Ð&ñ
t�Ùþ¡�̀¦M:�Ð
�� Õª çß����s� ]X�ìøÍ s��©� Âúª�� �Ð�����. ����"f Fig. 5(c)\�
������1pw &ñ
t�ô�Ç �'a¹1Ï��\� _�ô�Ç ÕªaË>�Ð�� Õª ��o��� Âúª

�� �Ð�����. Õªo��¦ ynC_� 5Åq�̧\� ��¾ú�>� ¹¡§f��{9�Ãº2�¤ �Ð
s���H ��Óüt\� @/ô�Ç �=/BGs� �8 d��K�t���HX< (Fig. 6 �ÃÐ�̧),
s���H E$�Ý¼\� _�ô�Ç �=/BGõ� �<Êa� &ñ
t�ô�Ç �'a¹1Ï��\� @/ô�Ç

ynC_� {9���y��õ� ¹¡§f��s���H �'a¹1Ï��\� @/ô�Ç ynC_� {9���y��s�

��ØÔl� M:ë�H\� ����èß� �s�l��̧	כ ���. ¹¡§f��s���H �'a¹1Ï��
_� ���'�� ~½Ó�¾Óõ� ynCs� [þt#Q�̧��H y���̧��� {9���y���̀¦ θ′���¦

� 9, &ñ
t�ô�Ç �'a¹1Ï��\�>� {9������H y���̧\�¦ θ���¦ ���.
Õª�Q��� cosθ′ = u

′

x/c (u
′

x: ���'�� ~½Ó�¾Ó\� @/ô�Ç ¹¡§f��s���H
�'a¹1Ï��_� 5Åq�̧)�� �)a��. �©�@/�:r&h� 5Åq�̧ ½+Ë$í
\�"f u

′

x =
(ux − v)/(1 − uxv/c2)s�Ù¼�Ð s�\�¦ @/{9��#� &ñ
o�����
cosθ′ = (cosθ + β)/(1 + βcosθ)�� �)a�� (β = v/c). s� d��
�̀¦ ��t��¦ \V\�¦ [þt#Q �Ð��� î�r1lx ~½Ó�¾Óõ� Ãºf��Ü¼�Ð {9����

Fig. 7. (Color online) <Agnostic symbol (1932)> by
Dali.

��HynC (θ = 90◦)\�@/K� 0.9 c_�5Åq§4�Ü¼�Ð1px5Åqf�����î�r1lx
���H �â
Äº, Õª M:_� {9���y���Ér cosθ′ = 0.9s�Ù¼�Ð ��� 25�̧
_� y���̧\�¦ s�ÀÒ��H ��3!�%	כ �Ð�����. ����"f &ñ
t�Ùþ¡�̀¦ M:�Ð
�� ��Óüts� �8 a%v�� �Ðs�>� �)a��. s�\� Fig. 6(b)ü< °ú s�
��o��� 6f#Q4R �Ð{9� �.���s	כ s�ü< °ú s� �í�&³z�́ÅÒ_�_� ���
¾¡§�̀¦ �©�@/$í
s��:r_� �'a&h�\�"f Û�¦s�K� �̂¦ Ãº e��Ü¼ 9, ¢̧��H
�©�@/�:r&h� ò́õ�\� ���Ér z�́]j ��Óüts� �Ðs���H �̧_þv�̀¦ \V8£¤

��¦ Õª�9 �Ð>� �<ÊÜ¼�Ð+� �'aº���)a �ÃÐ½̈�� ��0px½+É Ãº e����

�¦ Òqty��ô�Ç��. s��Qô�Ç ò́õ���H z�́]j t�½̈ /BN���\� _�ô�Ç Z>�
ynC_� F�g'��	�\�"f�̧ ú̧� �������¦ e����.
¢̧ô�Ç Fig. 7\�"f ����èß� Dali_� <Ô�¦��t��:r&h� �©�fç


(1932)>\�¦ �Ð��� {9�ìøÍ �©�@/$í
s��:r\�"f ú́����H ×�æ§4� E$�
Ý¼ ò́õ�\�¦ �'a¹1Ï½+É Ãº e����. ��� /BM\�"fÂÒ'� F�g���%�!3� ���
'��ô�Ç Óüt�̂�� ���_� ���$3� ÅÒ���\�"f 6f#Q4R ������ �Ðs�

��HX< s���H |9�|¾Ó�̀¦ ����� Óüt�̂�� ÅÒ���_� /BNçß�_� l���<Æ&h�

:£¤fç
\�%ò
�¾Ó�̀¦ÅÒ��H����s���.s�ü<°ú s	כ�þA�©��oô�Ç+¦̀�	כ
�ª�ô�Ç �í�&³z�́ÅÒ_� x9� {9��̂��_� ú́§�Ér p�Õüt ���¾¡§[þt�̀¦ �©�@/

$í
s��:r_� �'a&h�\�"f s�K�½+É Ãº e��6£§�̀¦ ·ú� Ãº e����. s� ü@
\��̧ Dali�� Õª�2; <l�%3�_� t�5Åq_� K��̂ (1952)>, <�íàÔ

o���_� ���7H�� (1949)>, <p�wn���_� ���7H�� (1949)> 1px
�Ér Ùþ�Óüto��<Æ\�"f ��s�n�#Q\�¦ ��4R�:r �Ü¼�Ð	כ ��Óüt x9� r�

/BNçß���t�p�wn����Ðì�rK�K�³ð�&³��9��HÙþ�_����q�ÅÒ_�\�¦

ú̧�¬¹����¦e���� [30,33]. ·ú¡"f]jr�ô�Ç#��Q�o��[þts�z�́
]j ���ë�H&h���� õ��<Æ t�d���̀¦ �ÐÄ»�t� ·ú§��¤�8���̧ õ��<Æ\�

@/ô�Ç �'ad��õ� s�K�\�¦ :�xK� p�Õüt ���¾¡§_� ³ð�&³\� �Ö̧6 xô�Ç �	כ

%�!3� �<ÆÒqt[þt %i�r� �©�@/$í
s��:r_� �<Æ_þv�̀¦ :�xK� /åJæ¼l���

ÕªaË>, 6£§��� 1px ���ª�ô�Ç ³ð�&³ �Ö̧1lx�̀¦ �<ÊÜ¼�Ð+� Dh�Ðî�r %ò

%i�\�"f_� �½Ó_�$í
�̀¦ ×¼�Q?/��H X<\� �̧¹¡§�̀¦ ×�¦ Ãº�̧ e���̀¦

�.���s	כ
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IV. +sÇÂ]Ø õmÍ <g�¹Å

�:r ���½̈��H õ��<Æõ� p�Õüts� ��t���H �©� ñ�Ð¢-a&h� �'a>�\�

ÅÒ3lq�#�, 20[jl� �©�@/$í
s��:rs� òøÍÒqt���H õ�&ñ
õ� p�Õüt
���̧_� òøÍÒqt C��â
�̀¦ ¶ú�(R�Ð�¦, {©�r� p�Õüt ���¾¡§_� ì�r$3��̀¦
:�xK�õ��<Æõ�p�Õüt_�Ä»��$í
�̀¦[O�"î
����"fõ��<Æ�§¹¢¤\�"f

_� �Ö̧6 x ~½Óîß�\� @/K� �7H_���¦�� �%i���. 20[jl�_� õ�
�<Æõ� p�Õüt�Ér �̧¿º Ì�o�'a&h� z�́�̂\� @/ô�Ç ÂÒ&ñ
�̀¦ ÅÒ�©����H

�̧�8m�7£§_� ô=�<Æ&h� âì2£§ �\� Z�~#� e��%3�Ü¼ 9, íß�\O�+À:"î

õ� ]j²DGÅÒ_�, [j>� @/��� 1pxÜ¼�Ð ���K� ����èß� ���r �â
]j
&h� Ô�¦î̈
1pxõ� ���çß� �èü@ 1px_� ë�H]j\� f�����K� e��%3���. s�
\� @/K� p�Õüt�Ér s������t� ���o�%�!3� #���&��~�� ���"é¶��HZO�

\� _�ô�Ç ]X�@/&h� /BNçß� ³ð�&³�̀¦ ��ÂÒ��¦ /BNçß��̀¦ ì�r$3����

�� Áº_�d���̀¦ :�xô�Ç ³ð�&³�̀¦ y©��̧���H {9��̂ÅÒ_�, �í�&³z�́ÅÒ
_��Ð ������>� �)a��. ô�Ç¼#�, õ��<Æ�Ér Óüto��<Æ�Ér ]X�@/&h�s��¦
1lqwn�&h���� r�çß�õ� /BNçß�_� �'a>�\�¦ ���½ÓÜ¼�Ð ���H [j>��'a

\�"f \O�)� e���¦ �©�@/&h���� r�/BNçß�_� >h¥Æ���� �©�@/$í
s��:r

�̀¦ òøÍÒqtr�v�>� ÷&%3���. "f�Ð ���Ér ì�r��e��\��̧ Ô�¦½̈��¦
õ��<Æõ� p�Õüt_� y����_� %ò
%i�\�"f ]X�@/$í
�̀¦ ÂÒ&ñ
��¦ �©�

@/$í
�̀¦ y©��̧���H ~½Ó�¾ÓÜ¼�Ð ����y�¤��. ÷�rëß� ��m��� p�Õüt
_� #��Q ��s�n�#Q[þt�Ér õ��<Æ_� ��s�n�#Q\�¦ �í�<Ê��¦ e��

��HX<, 20[jl� #��Q Ä»"î
ô�Ç �o��[þt�Ér õ��<Æ\�"f_� ����Ð�)a
��s�n�#Q\�¦ f��·çß�]X�&h���� �§ÀÓ\�¦ :�xK� 1ps>� ÷&%3�Ü¼ 9, s�
\�¦ p�Õüt\� &h�6 xr�&� �Ð�¦�� �%i���.

20[jl� p�Õüt ���¾¡§\�"f�̧ s��Qô�Ç �'a&h�s� ×¼�Q����HX<
Picasso, Braque, Dali, Magritte 1px {©�r�_� �o��[þts� Õª
�2;p�Õüt���¾¡§�̀¦:�xK�1lxr�$í
_��©�@/$í
,r�çß�t����ò́õ�,U�́
s� Ãº»¡¤ò́õ�, ×�æ§4�E$�Ý¼ ò́õ� 1px�̀¦ ¶ú�(R�̂¦ Ãº e����. �̧��H
p�Õüt ���¾¡§s� Óüto��<Æ\� l�ìøÍ�#� Õª ��s�n�#Q\�¦ ³ð�&³ô�Ç

�Ü¼�Ð	כ �Ðl�\���H Áºo��� e��t�ëß� &h�#Q�̧ ���_� r�@/ îß�

\�Ä»��ô�ÇÒqty��[þts�Óüto��<Æõ�p�Õüt\�"f�������¦e��6£§�̀¦

·ú� Ãº e����. s���H {9�7áx_� r�@/&ñ
��� (Zeitgeist)Ü¼�Ð s�K�
½+É Ãº e��Ü¼ 9, õ��<Æl�Õüt\�"f_� +À:���õ� µ1Ï���s� #��Q ���r
ë�H�o&h� %ò
�¾Ó�̀¦ ~ÃÎ6£§�̀¦ �Ð#�ÅÒ��H ��YV�Ð �̂¦ Ãº e���� [30,
35,36]. >����� {©�r� @/×�æ[þt_� �©�@/$í
s��:r\� @/ô�Ç Z�}�Ér
�'ad��\��̧ Ô�¦½̈��¦ s�\�¦ s�K�r�~�́ Ãº e����H &h�]X�ô�Ç ��r�

&h� ~½ÓZO��̀¦ ]jîß��t� 3lwÙþ¡Ü¼�� p�Õüt\�"f õ��<Æ_� >h¥Æ��̀¦

��2£§_� ~½Ód��Ü¼�Ð ³ð�&³��9�¦ Ùþ¡����H &h�\�"f 	�H _�_���

e����.
÷�rëß� ��m��� {©�r�_� #��Q ���¾¡§[þt�Ér �©�@/$í
s��:r�̀¦ s�

K���¦ �'aº�� ?/6 x�̀¦ �<Æ_þv���H X<\� �̧¹¡§�̀¦ ×�¦ Ãº e����.
Magritte_� <�¦&ñ
�)ar�çß� (1938)>, <��Ö�¦/BN�©� (1939)>,
Dali_� <l�%3�_� t�5Åq (1931)> 1px �í�&³z�́ÅÒ_�_� ���¾¡§\�
"f��H �©�@/$í
s��:rs� ��ÀÒ�¦ e����H %i�[O�s��� r�çß� t����, U�́
s� Ãº»¡¤ 1px �'aº�� >h¥Æ��̀¦ &h�6 xK� s�K�K� �̂¦ Ãº e����H a%~�Ér

l��r\�¦ ]j/BNô�Ç��. :£¤y�, :£¤Ãº �©�@/$í
s��:r\� l�ìøÍô�Ç r�y��
�o��H �©�@/$í
s��:r�̀¦ �Ð�� z�́]j è�HÜ¼�Ð �Ð#�ÅÒ�¦ {9��©�_�

Ð�o|ÃÌ\�"f s�K�½+É Ãº e����H l��r\�¦ ]j/BN½+É Ãº e����. ¢̧ô�Ç
p�Õüt ���¾¡§�̀¦ :�xK� �'aº��÷&��H �©�S!��̀¦ ��&ñ
��¦ s�\�¦ \V8£¤

K� �Ð>� �<ÊÜ¼�Ð+� �©�@/$í
s��:r�̀¦ :�xô�Ç �ÃÐ½̈�Ð�̧ �Ö̧6 x½+É

Ãº e���̀¦ �.���s	כ
s�ü< °ú �Ér 20[jl� Óüto��<Æõ� p�Õüt_� �'a>�\�¦ :�xK� õ��<Æ
�§¹¢¤\�"f p�Õüt�̀¦ #Qb�G>� �Ö̧6 x��¦ �����Ð���� ½+É t� r�

��&h��̀¦ %3��̀¦ Ãº e����HX< 'Í	P:, p�Õüts� õ��<Æ\� @/K� �Ð��
�2;ņq�>� ]X���H��¦ õ��<Æ_� �:r$í
�̀¦ s�K����H X<\� �̧¹¡§

�̀¦ ×�¦ Ãº e����. �©�@/$í
s��:rs��� �ª���%i��<Æ 1px �&³@/Óüto��<Æ
s�#Q�9î�rs�Ä»×�æ�����HÕª>h¥Æ�s�ÆÒ�©�&h�s� 9,{9��©�Òqt
�Ö̧\�"f �â
+«>½+É Ãº \O��¦ è�HÜ¼�Ð �̂¦ Ãº \O�����H X<\� e����

[43,44]. 1lxr�@/\� ����èß� p�Õüt���¾¡§�̀¦ :�xK� �©�@/$í
s��:r
\� @/K� �Ð�� ~1�>� ]X���H½+É Ãº e���¦, õ��<Æõ� p�Õüt_� �'aº��
�)a Û¼�Ðo�\�¦ �è>h�<ÊÜ¼�Ð+� õ��<Æ_� �:r$í
�̀¦ s�K����H X<

\� �̧¹¡§�̀¦ ×�¦ Ãº e���̀¦ �.���s	כ ÑütP:, p�Õüt ���¾¡§_� �Ö̧6 x�Ér
>h¥Æ� s�K�ü< �ÃÐ½̈ �Ö̧1lx\��̧ �̧¹¡§�̀¦ ×�¦ Ãº e���̀¦ �.���s	כ
Galili & Zinn�Ér ×�æ[j r�@/_� Giotto_� ���¾¡§\� ����èß� $í

��¥ (stigmatization)�̀¦F�g�<Æõ�������r�&�[O�"î
��¦s�K�½+É
Ãº e��6£§�̀¦ ]jîß��%i��� [24]. 20[jl� p�Õüt ���¾¡§�̀¦ ]jîß��<Ê
Ü¼�Ð+� s�\�¦ :�xK� r�/BNçß�_� :£¤$í
�̀¦ s�K���¦ õ��<Æ\�"f

_� >h¥Æ�õ� q��§K� 4�§Ü¼�Ð+� #��Q �<Æë�H çß�_� 	�s�\�¦ :�xK�

�Ð��"î
«Ñ�>�s�K�½+ÉÃºe���̀¦�.���s	כ ¢̧ô�Ç#��QÕªaË>\�
@/ô�Ç?/6 x�̀¦���½ÓÜ¼�Ð�©�@/$í
s��:r\�"f����èß�r�y��\�"f

_� �=/BG�̀¦ [O�"î
�%i�1pws� ���¾¡§õ� �'aº��÷&��H z�́]j �©�S!�\�

"f #Qb�G>� �Ð#�|9�t� �©��©�K� �Ð���� \V8£¤�<ÊÜ¼�Ð+� >h¥Æ�

�̀¦ �<Æ_þv��¦ �ÃÐ½̈½+É Ãº e���̀¦ �.���s	כ z�́]j r�y���o\�¦ :�x
ô�Ç �©�@/$í
s��:r_� �<Æ_þv�Ér #��Q ���½̈\�"f ò́õ�&h�e���̀¦ s�

p� �Ðs��¦ e���� [42,43]. !Ó	P:, �:r ���½̈\�"f ������1pw Óüt
o�\�¦ ���/BN�t� ·ú§��H �<ÆÒqt[þt\�>��̧ p�Õüt�̀¦ :�xK� �©�@/$í


s��:r_� ÅÒ¹כ >h¥Æ��̀¦ �è>h½+É Ãº e���̀¦ �.���s	כ �©�@/$í
s�
�:rs��� �ª���%i��<Æ�Ér 4�¤ú̧���¦ s�K��l� #Q�90> s�\�¦ C�

Äº��H �<ÆÒqt[þt�Ér Óüto��<Æõ� f��]X�&h�Ü¼�Ð �'aº���)a {9�ÂÒ �<ÆÒqt

ëß� �<Æ_þv��¦ e����. q����/BN��\�¦ 0AK�"f ��ØÔu���H Óüto��<Æ
�Ér Õª >h¥Æ�&h� s�K�ü< Ãº�<Æ&h� Û�¦s�\�¦ �̧¿º s�K����H ��Ð	כ

����H ÅÒ¹כ >h¥Æ��̀¦ �è>h��¦ s�\�¦ �����_� ì�r��\�"f ���6 x

��¦ &h�6 xr�&� Dh�Ðî�r ��s�n�#Q\�¦ ëß�[þt�̧2�¤ ���H ��s	כ

&h�]X�����¦ Òqty��s� ��H��. �:r ���½̈\�"f �è>h�)a #��Q �o��
[þtõ�ë�H�<Æ��[þt%�!3��©�@/$í
s��:rs� �̧w�ÚÔ��÷&#Q6£§���s�

�� p�Õüt, ë�H�<Æ, %ò
�o 1px ���ª�ô�Ç ì�r��\�"f s�\�¦ ��t��¦ <Éª
p��Ðî�r �Ö̧1lx�̀¦ ��0pxH� ½+É Ãº e�����¦ Òqty��ô�Ç��. �:r ���½̈
��H 20[jl� �í ×�æìøÍ_� p�Õüt���̧ü< �©�@/$í
s��:r�̀¦ �������
#� s�K���¦�� ô�Ç r��̧�Ð+� �Ð�� ���ª�ô�Ç r�@/_� p�Õüt��

�̧ü< õ��<Æs� "f�Ð #Qb�G>� ������÷&#Q e����Ht� ¶ú�(R4�§Ü¼�Ð

+� �<ÆÒqt[þt_� Óüto� �<Æ_þv\� @/ô�Ç <Éªp�ü< >h¥Æ� s�K� 7£x����̀¦

l�@/½+É Ãº e���̀¦ �.���s	כ
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